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[57] ABSTRACT 
A cap for covering the exposed end of an excised bone 
including a head adapted to abut the exposed end. The 
outer surface of the head is free from sharp corners, at 
least the portion of the head adjacent to the exposed 
bone end being interspersed with a network of inter 
connected pores adapted for human tissue to grow 
therein and anchor the cap to the bone. The cap further 
includes means for preventing the pores from commu 
nicating with the outer surface of the head. 

4 Claims, 3 Drawing Figures 
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- BONE CAP 

BACKGROUND OF THE INVENTION 

This invention relates to a prosthetic device known as 
a “bone cap” and more ‘speci?cally to a bone cap for 
children that is formed of a biocompatible material that 
is interspersed throughout by a network of intercon 
nected pores. ' 

Bone caps are prosthetic devices that are used to 
cover the exposed end of an excised bone. These de 
vices have been used primarily in children under the 
age of sixteen in attempts to arrest a phenomenon 
known as “overgrowth." Overgrowth is a term used to 
describe a condition in children under the age of about 
sixteen where the exposed end of a bone that has been 
partially amputated continues to grow distally and form 
a pointed end. 
Traditionally bone caps have been formed of a solid 

biocompatible material ?xed in place by impacting a 
stern portion in the medullary canal orvby applying 
sutures to holes formed in the device and in the adja 
cent portion of the bone. Although the bone cap may 
be tight initially, resorption usually occurs resulting in 
loosening of the device which then requires the cap to 
be ?xed in place again. - 

SUMMARY OF THE INVENTION 

The problem of arresting overgrowth has been solved 
by installing a bone cap that is formed substantially of 
a biocompatible material interspersed throughout by a 
network of‘ interconnected pores of a predetermined 
size and at the same time is strong enough to withstand 
normal stress. 
When the cap is ?xed in place bone and other sur-. 

rounding tissue will grow into the pores anchoring the 
cap ?rmly in place. The cap does not interfere with 
normal bone growth, but con?nes appositional growth 
of the end of the bone to the pores in the cap. 
The phenomenon of continued tissue growth which 

operates to ?ll the pores also occurs in adults even 
though there is no overgrowth problem. Accordingly, 
such a bone cap could be used in adults, for example 
whenever the bone end must bear weight and is sensi 
tive to pressure. In such a case the bone cap could serve 
as a cushion. 
The cap should be shaped to cover the exposed bone 

end and have an outer surface that is free from sharp 
corners. The outer surface should also be covered with 
a solid coating of a biocompatible material so that the 
continued tissue growth is con?ned to the pores in the 
bone cap. 
The cap includes either a stem that is inserted into 

the medullary canal or a cup or skirt portion that over 
laps the bone along its length. Although'both the stem 
and cup together are desirable to provide initial stabil 
ity while tissue is growing into the pores, both of them 
are not essential in solving the overgrowth problem. 
The cap could be formed with either the cup or skirt 
alone and still provide the desired results. 
Materials found to be particularly suitable for use in 

such bone caps are the recently development porous 
polymeric materials known as porous high density poly 
ethylene and polypropylene or mixtures thereof. Po 
rous high density polyethylene (porous HDPE) is pre 
ferred and offers considerable economic advantages. 
This material has been found to combine the features 
of (l) biocompatibility, (2) high enough strength to 
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2 
withstand normal stress to which bone caps are sub 
jected, and (3) an interconnected cellular network that 
allows tissue ingrowth to occur throughout the cap. 
The following properties control the successful func 
tion of the bone cap: 

1. density - between 0.945 and L965 g./cc. for po 
rous I-IDPE and between 0.912 and 0.914 g./cc. for 
porous polypropylene, 

2. molecular weight number - greater than 450,000 
and up to over 6,000,000 depending on the availability 
of such material, which is the relative mass of a com 
pound calculated in the basis of an atomic weight for 
oxygen of 16 and is derived by multiplying the atomic 
weight of each element of the compound by the num 
ber of atoms of that element in the compound and 
adding them all together, 

‘3. melt index - between 0.005 and 5 (ASTM D1238 
57T), which includes. the combination of materials of 
different melt indexes within the above range, such as 
for example a blend of porous I-IDPE comprising 20% 
by weight of 0.960 density and 5 melt index and 80% of 
‘0.960 density and 0.01 melt index, 

4. average pore diameter - between 50 um and 300 
pm, as determined by the bubble technique (ASTME 
128) or by the Aminco Micro/Macro Porosimeter dis 
tributed by the American Instrument Company, and 
varies according to the tissue, tendons and/or bone in 
‘which the prosthesis is to be used, 

5. average pore volume - a minimum of 30% by 
weight, as determined by comparing the weight of the 
porous material with the weightof the material if it 
were not porous, which allows for proper random ?xa 
tion (ingrowth) of the surrounding tissue without caus 
ing the device to fall below the minimum intrinsic 
strength needed‘ to function properly. > 
Another signi?cant characteristic of the material is 

called “tortuosity,” which is a term used to describe the 
relationship of the interconnected pores to each other 
andmeans that for the most part there are no straight 
paths longer than the diameter of the’lar‘gest ‘pore. 
Furthermore, in order for the tissue toygr'o'w into the 
pores they should not have ‘a diameter smaller than 50 
um and preferably about 100 um. Although an average 

' pore size of 50 um would include’ some pores as small 
as 20-25 pm there would be enough larger pores to 
allow for some tissue ingrowth. The preferred mini 
mum average pore size is about 75-80 pm which would 
encompass pores ranging from 45-50 ‘um in diameter 
to about 105-110 urn. 
When the bone cap is formed of porous HDPE within 

the above parameters the material will be strong 
enough to withstand the normal wear and stress to 
which it will be subjected andat the same time allow 
the surrounding tissue to grow into the pores and an 
chor it ?rmly in place. Furthermore, the fact that the 
tissue can grow into the bone cap to the extent allowed 
by being porous throughout prevents the cap from 
lossening because of the overgrowth problem men 
tioned above and arrests overgrowth by allowing bone 
tissue to grow into the pores instead of between the 
bone and the cap. 

BRIEF DESCRIPTION OF THE DRAWING 

For a better understanding of the invention, refer-. 
ence may be had to the following description of an 
exemplary embodiment, taken in conjunction with the 
accompanying drawing, in which: 
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FIG. I is a side view, partially in section, of the in'ven— 
tive bone cap, _ ' 

FIG. 2 is a bottom view of the bone cap shown'in 
FIG. I, and '. 
FIG. 3 is a perspective view of the bone cap shown in 

FIGS. 1 and. 2. 

7 DETAILED DESCRIPTION OF AN EXEMPLARY 
EMBODIMENT 

Now,‘ referring to the drawing‘, the bone cap is shown 
generally by reference numeral 10. The bone cap 10 
includes a rounded head 12 and a cup or skirt 14 pro 
jecting axially from the head l2. A stem 16 also 
projects from the head 12 and is coaxial with the'skirt 
l4, forming a cylindrical opening 18 therebetween. An 
axial opening 20 extends through the stem 16 and ter 
minates at a suitable point therein. ’ ' 

The bone cap is sized and shaped such that when the 
stem 16 is inserted into the medullary canal (not 
shown) of a partially amputated bone the skirt 14 will 
overlap the outer surface of the bone and the bone will 
fill the opening 18. The outer surface of the head 12 is 
rounded so that it contains no sharp angles or corners 
that could irritate surrounding tissue. _ 
The cap could alternatively be formed with ‘either the 

skirt 14 or stem 16 alone. However, when both are 
provided there is added stability while the bone is grow 
ing into the pores. _ v 

The axial opening 20 is likewise not necessary for a 
satisfactory bone cap, but can be included to provide 
another porous surface into which tissue can ‘grow and 
to enable blood vessels in the medullary canal to have 
more direct access totissue in the pores; 
The outer surface of the head 12 above the end of the 

bone 'is covered by a non-porous coating 22 of a bi 
ocompatible material to restrict the extra tissue growth 
to the pores. ‘Any suitable material such as ‘polyethy 

v lene, polypropylene or silicone rubber 'could' be used 
for the coating. One method of forming 'such a coating 
is known as “spin-welding” which is'ia term used to 
describe the process of simultaneously spinning the cap 
and applying heat thereto. It has been ‘found that for 
porous HDPE the material on the outer surface of ,the 
head 12 will melt and fuse together to form the neces 
sary non-porous coating 22. 
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As discussed in detail above, the bone cap 10 can be 
formed of porous l-IDPE or por’ous polypropylene but 
any other material that includes (1 ) the interconnected 
network of pores, (2) biocompatability, and (3) the 
necessary strength characteristics, can be used. 
Although it is desirable to form the bone cap entirely 

of the porous material (except for the coating 22) it 
can have a composite structure with a solid core that 
has an outer coating of the porous material. When such 
a structure is used, the porous coating should be at least 
1 mm. thick and preferably 2-3 mm. thick to allow for 
enough tissue ingrowth to anchor the cap. 
Thus, there is provided a novel'bon'e cap for children 

that does not become loosened. Moreover, the cap 
becomes anchored in place without the need for any 
additional means of attachment. The embodiment of 
the invention described in detail above is intended 
merely to be exemplary and those skilled in the art will 
be able to make modi?cations and variations to it with 
out departing from the spirit and scope of the claims 
appended hereto. ~ 

I claim: > - 

I." An improved cap for covering the stump of a par 
tially amputated bone, and preventing bone over 
growth in juveniles, comprising a head adapted to abut 
and overlap the end of the stump, the outer surface of 
the head being free from sharp corners, at least the 
portion of the head adjacent to said end of the stump 
with a thickness of at least 1 mm. being formed of a 
porous polymeric material with a density of at least 
0.9 112 g./c.c. interspersed with a network throughout its 
volume of interconnected pores with no straight paths 
longer than the diameter of the‘ largest pore and 
adapted for human tissue to grow therein, said porous 
polymeric material having an average pore diameter 
ranging from 50 pm - 300 pm , the minimum pore 
volume being 30%, anon-porous cover on the portion 
of the outer surface of the head which projects beyond 
the end of the stump for preventing the pores from 
communicating with said portion of the outer surface. 

2. The cap in claim 1, wherein the 'head includes a 
stem projecting from the side thereof adapted to abut I 

_ said exposed end. ' 
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3. The cap in claim 2, wherein the stem includes an 
axial opening therein. > 

4. The cap in claim 1, wherein the cap is formed 
substantially entirely of porous HDPE. ' 

‘ y * * * * * 
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